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similar but shorter courses, and a hollow space, D, continually varying in size and shape, was always recognisable. The blow struck by" each"ball of the outer layer was a sliding one, the relative velocity of two balls at the moment of impact being 3-5 metres per second in the line joining their centres, and 1-2 metres per second in the direction at right angles to this. These velocities give some measure of the respective effects of the impact and grinding actions.
There is no doubt that some effect is produced by grinding, especially at low velocities of revolution, but probably the mill becomes more effective when the impact of the pebbles is at its maximum. The wear of the pebbles is doubtless greater in proportion as the grinding action is allowed to increase. Soft ores would be more amenable to grinding than the hard ores of the Rand, Waihi, etc.
H. A. AVhite agrees l with Fischer that the pulverising action is due almost entirely to actual impact of the falling balls in dry crushing, but points •out that when the mill is half full of water the effect of impact is of less importance. A ball falling into 2 or 3 feet of water will not strike the bottom with enough force to do much crushing, and in this case it is probable that the grinding action between the balls will do a great proportion of the work.
However, the best results have been obtained with very thick pulp, containing about 4-0 per cent, of water. The correct proportion of water to ore •depends on the specific gravity of the ore, on its coarseness, on its composition or hardness, and on the amount of the feed. The correct proportion •of water is 39 per cent, with Rand ore, if 400 tons are fed per day into a standard tube mill of 22 by 5|- feet. In a tube mill containing such pulp there is no w>< free " water for the balls to fall through. It is considered that the amount of moisture present should be enough to make the particles of ore adhere to the pebbles and to the lining, so that when impact occurs 'between the pebbles there are some particles between the pebbles ready to be crushed. If only 200 tons of solids are fed in 24 hours to a standard mill, the best percentage of moisture in Rand ore is said to be 27 per cent. •(Bowling). The amount of water giving the best results for each ore must be accurately determined correct to 0-1 per cent, and adhered to rigidly.
White finds that the average fall of the balls is at a maximum, if the
mill is half-filled with balls, when the number of revolutions per minute,
0^.99 N, is equal to '—-,—, where D is the diameter of the mill expressed in metres.
VD
White's result, obtained by calculation, gives the same speed as that at which Fischer found by experiment that each ball fell separately. A somewhat faster rate is now used on the Rand, and, consequently, it appears to be probable that the theoretical investigations were not made without error.
Hardinge Conical Pebble Mill.—It has been urged that, in the case of the •ordinary cylindrical form of tube mill, particles which are crushed to the required fineness near the feed end of the mill go gradually forward to the discharge end, using up needlessly the energy of the falling pebbles, which could otherwise be employed in crushing the larger fragments still remaining. Moreover, both ends of the tube are loaded with the same quantity and size of pebbles. When these become worn a considerable amount of energy is •expended by the larger pieces in acting upon the smaller ones. Hardinge suggests that in the perfect machine the crushing should theoretically be done
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